We evaluated the effects of supplementing an emulsifier blend (sodium stearoyl-2-lactylate and 1, 3-diacylglycerol) in diets with different energy content (normal and 100 kcal/kg reduced) on the growth performance, meat quality, apparent total tract digestibility (ATTD), and blood lipid profile of broiler chickens. Male broiler chickens (n ＝1024), with an initial body weight (BW) of 43.60±0.2 g, were used in a 35-day trial. Broiler chickens of similar body weight were randomly allocated to one of four treatment groups in a 2×2 factorial arrangement with two levels of dietary energy content and with or without emulsifier blend. Broiler chickens fed on emulsifier blend supplemented diet had a higher body weight gain (BWG) during d 7-21, d 21-35, and overall period (P＜0.05), higher BW during overall period (P＜0.05), and lower feed conversion ratio (FCR) during d 7-21, d 21-35, and overall period (P ＜0.05) compared with broilers fed on diets without emulsifier supplementation. Broiler chickens fed on the diet with low energy content had a lower BWG during d 1-7, d 21-35, and overall period (P＜0.05), lower BW during overall period, and higher FCR during d 1-7, d 21-35, and overall period (P＜0.05). The ATTD of energy tended to decrease in response to low-energy content diet (P＜0.10). Drip loss at 7 d post slaughter tended to decrease in response to dietary emulsifier blend supplementation (P＜0.10). However, no interactive effects of dietary energy content and emulsifier blend supplementation (P＞0.10) were observed on the growth performance, ATTD, blood lipid profiles, meat quality and relative organ weight. In conclusion, dietary emulsifier blend supplementation could improve growth performance, while low dietary energy content would decrease growth performance and ATTD of energy.
Introduction
As energy intake is greatly determined by dietary compositions, the latter is known to affect the body composition of broiler chickens (Boekholt et al., 1994) . Energy is a major cost component in the diets of broiler chickens. Therefore, strategies to develop low energy diets for broiler chickens, while maintaining similar growth performance, and thus, reducing the cost of feed, comprise a topic of great interest. Lipids (fats and oil) are the main source of energy for poultry animals (Birkett and de Lange, 2001 ). However, due to the presence of an immature digestive tract in newly hatched chicks, the production and secretion of endogenous emulsifiers such as bile salts and lipases are restricted (Carew et al., 1972; Tancharoenrat et al., 2014) , thereby limiting capacity of lipid digestion and absorption in broiler chickens. Consequently, emulsifiers as feed additives in poultry diets have garnered much interest.
An emulsifier is a molecule with both water-soluble (hydrophilic) and fat-soluble (lipophilic) components, which accelerate the incorporation of fatty acids into micelles and enhance fat digestibility, thus, improving the growth performance of chicks (Polin, 1980) . Several previous studies have documented the positive effects of emulsifier supplementation on the growth performance and nutrient digestibility of livestock (Zhang et al., 2011; Zhao et al., 2015; Wang et al., 2016; Upadhaya et al., 2017; Zhao and Kim, 2017) , as well as the reduction of serum cholesterol and triglyceride in animals (Zhao et al., 2015; Zhao and Kim, 2017) . Sodium stearoyl-2-lactylate (SSL), a sodium salt with a long-chain carboxylic acid and two ester linkages, is widely used in the modern food industry. It has also been used as an emulsifier (EFSA, 2013) . Furthermore, Cho et al. (2012) demonstrated that supplementation with 0.05% SSL improved the growth performance and relative organ weight in broiler chickens fed on a low-energy reduced diet. Diacylglycerols (DAGs) are important amphiphilic emulsifiers and surfactants that are widely used in food, pharmaceutical and cosmetic industries (Wang et al., 2015) . 1, 3-DAG consists of 70% mediumchain fatty acids (MCFA) and 30% long-chain fatty acids, of which, MCFA are easily absorbed by the body due to their short chain length. As emulsifiers, DAGs have synergistic effects with monoacylglycerol (Phuah et al., 2015) . Most previous studies have evaluated the effects of single exogenous emulsifier supplementation in livestock diets, whereas the evaluation of emulsifier blend supplementation with different dietary energy content is limited. Boyd et al. (1971) reported that a suitable combination of emulsifiers could enhance stability relative to an individual emulsifier. Therefore, we hypothesized that SSL and 1, 3-DAG, when used together as an exogenous emulsifier blend, might have a beneficial effect on the performance of broiler chickens fed on low-energy diet.
Therefore, the objective of the present study was to evaluate the effect of addition of SSL and 1, 3-DAG as an emulsifier blend in diets with different energy content on the growth performance, meat quality, apparent total tract digestibility, and blood profiles of broiler chickens.
Materials and Methods
Experimental protocols describing the management and care of animals were reviewed and approved by the Animal Care and Use Committee of Dankook University (Approval No. DK-1-1731), Republic of Korea.
Tested Product
The tested product, sodium stearoyl-2-lactylate, comprised 95% sodium stearoyl-2-lactylate, and about 5% starch, which was supplied by a commercial company (Il Shin Wells, Seoul, Korea). 1,3-diacylglycerol (55%) mixed with a carrier was obtained from a commercial company (Il Shin Wells, Seoul, Korea) . It consisted of 70% medium-chain triglycerides and 30% long-chain triglycerides. According to the manufacturer's information, the fatty acid profile of the tested product comprises lauric, capric, and myristic + palmitic acids, at a ratio of 50:20:30, respectively. The crude fat of the product consisted of monoacylglycerol, diacylglycerol, and triacylglycerol, at a ratio of 20:60:20 Table 1 ). The experimental diets, provided in a mashed form, were formulated to meet and exceed the nutrients requirements specified by NRC (1994) . The treatments were arranged in a 2×2 factorial, with two levels of energy (normal energy diet or reduced energy diet) and with or without an emulsifier blend (SSL, 0.05%; 1, 3-DAG, 0.10%). Experimental Procedure, Sampling, and Assay
Growth Performance
Body weight (BW) and feed intake (FI) per cage were recorded on d 7, 21, and 35, and the feed conversion ratio (FCR) was calculated as the feed intake divided by the body weight gain (BWG). Mortality was recorded daily, and percentage mortality was calculated throughout the study.
Meat Quality and Relative Organ Weight
For physicochemical properties of the breast meat, one bird per pen (n＝16) from each treatment was killed by cervical dislocation after collection of blood sample. Immediately after the birds were killed, organs such as the gizzard, breast meat, bursa of Fabricius, liver, spleen, and abdominal fat were removed by trained personnel and weighed. The weight of collected organs was expressed as a percentage of body weight. The Hunter CIE lightness (L*), redness (a*), and yellowness (b*) values for breast muscle were determined using a Minolta CR410 chromameter (Konica Minolta Sensing Inc., Osaka, Japan), while duplicate pH values for breast muscle in each sample were measured using a pH meter (Fisher Scientific, Pittsburgh, PA, USA). The waterholding capacity (WHC) was analyzed according to the method described by Kauffman et al. (1986) . Drip loss was measured using approximately 2 g of meat sample, following the plastic bag method described by Honikel (1998) .
Apparent Total Tract Digestibility
To determine the apparent total tract digestibility (ATTD), 0.2% chromic oxide was added to the experimental diets, d 7 prior to the collection period. Excreta were collected daily until d 7 of the experiment, and a representative sample was stored in a freezer at −20℃ until analysis. For analysis, the sample was dried in a 60℃ oven for 72 h, following which it was pulverized to pass through a 1-mm screen. Subsequently, the dry matter (DM), nitrogen (N), calcium (Ca), and phosphorus (P) content in the diets and excreta were analyzed (methods 934.01, 968.06, 984.01, and 965.17, respectively; AOAC, 2000) . Fat content in the excreta was determined using a standard procedure (method 954.02; AOAC International, 2005). The samples were first hydroJournal of Poultry Science, 57 (1) lyzed using hydrochloric acid and transferred to tubes. Crude fat was extracted by a mixture of diethyl ether and petroleum ether. The solvents were then decanted into a preweighed conical flask, and evaporated by placing the flask on a steam bath, followed by drying in the oven at 100℃ for 90 min. After thawing, the weight of the flask with fat was recorded and the fat content was calculated. Energy was determined using a Parr 6100 oxygen bomb calorimeter (Parr Instrument Co., Moline, IL, USA) and N was measured using a Kjeltec 2300 analyzer (Foss Tecator AB, Hoeganaes, Sweden). Chromium concentration was determined by atomic absorption spectrophotometry (UV-1201, Shimadzu, Kyoto, Japan) following the method described by Williams et al. (1962) . The equation for calculating digestibility was as follows:
where, Nf＝nutrient concentration in feces (% DM), Nd＝ nutrient concentration in diet (% DM), Cd＝chromium concentration in diet (% DM), and Cf＝chromium concentration in feces (% DM).
Blood Lipid Profiles
At the end of the experiment (35 d), blood samples were collected from the left wing vein in vacuum tubes (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ), and stored at 4℃. For serum analysis, blood samples (approximately 3 mL) were centrifuged at 4,000×g for 15 min at 4℃, to separate the serum. The total cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL), and triglyceride content in the serum samples were analyzed with an autoanalyzer (Advia 120, Bayer, Tarrytown, NY, USA) using commercial kits (MAK043, MAK045, and TR0100, Sigma Diagnostics, MO, USA) according to the manufacturer's protocol.
Statistical Analysis
The data were analyzed as a completely randomized 2×2 factorial design, using a mixed model in SAS (SAS Institute, 2002) , with the cage as the experimental unit. The data were tested for the main effects of emulsifier blend and energy content, as well as their interaction. The significance level was set at P＜0.05, whereas 0.05＜P＜0.10 was considered to present a trend. 
Results

Growth Performance
The effects of dietary treatment on growth performance are presented in Table 2 . Broiler chickens fed the diet with emulsifier blend supplementation presented a higher BWG during d 7-21, d 21-35, and overall period (P＜0.05), as well as an increased tendency of BWG during d 1-7 (P＜0.10). We also observed a higher BW during overall period (P＜ 0.05), and a lower FCR during d 7-21, d 21-35, and overall period (P＜0.05). Broiler chickens fed on the low-energy content diet had a lower BWG during d 1-7, d 21-35, and overall period (P＜0.05), lower BW during overall period, as well as higher FCR during d 1-7, d 21-35, and overall period (P＜0.05), than the chickens fed the high-energy content diet. However, no difference in FI was observed among treatments during any of the periods (P＞0.10). No interactive effect on growth performance was observed among treatments (P＞ 0.10).
Meat Quality and Relative Organ Weight
The breast muscle color, cooking loss, WHC, drip loss, and the relative weight of breast muscle, liver, bursa of Fabricius, abdominal fat, spleen, and gizzard were not affected by the emulsifier blend or energy content among treatments. However, drip loss at 7 d post slaughter tended to decrease in response to dietary emulsifier blend supplementation (P＜0.10). No interaction between emulsifier blend and energy content was observed on meat quality and relative organ weight (Table 3) .
Apparent Total Tract Digestibility
The effects of dietary treatment on ATTD are presented in Table 4 . In the current study, emulsifier blend supplementation and energy content had no significant main effects or interactive effects on the ATTD of DM, N, and energy (P＞ 0.05). However, a higher (P＜0.05) ATTD for fat was observed in response to emulsifier blend supplementation, and a lower (P＜0.05) ATTD for fat was observed in response to low-energy content diet. Furthermore, the ATTD of energy tended to decrease in response to low-energy content diet (P ＜0.10).
Blood Lipid Profiles
The effects of dietary treatments on the blood lipid profiles are presented in Table 5 . In the current study, emulsifier blend supplementation and energy content had no significant main effects or interactive effects on the blood lipid profile (P＞0.05).
Discussion
Interactive Effects between Emulsifier Blend Supplementation and Dietary Energy Content
In the current study, no interactive effects between emulsifier blend supplementation and dietary energy content were Liu et al.: observed on the growth performance, apparent total tract digestibility, and blood lipid profiles of broiler chickens. This is similar to the results of previous studies, which also reported the absence of an interactive effect between emulsifier and dietary energy content on growth performance, nutrient digestibility, blood lipid profiles, meat quality and relative organ weight (Upadhaya et al., 2016; Zhao and Kim, 2017) . The exact reason for this is unknown. Therefore, further studies should be conducted to evaluate the effect of interaction between emulsifier blend supplementation and dietary energy content.
Effects of Emulsifier Blend Supplementation
Previous studies demonstrated that exogenous emulsifiers have beneficial effects in livestock as diet supplements (Roy et al., 2010; Zhao et al., 2015; San et al., 2016; Upadhaya et al., 2016) . Owing to the lack of data on the use of SSL and 1, 3-DAG emulsifier blend supplementation in broiler chickens, we had to draw a comparison with studies that used other emulsifiers. The current results indicated that the emulsifier blend improved the BWG and decreased the FCR. These results are in agreement with those of Upadhaya et al. (2017) , who reported that BWG of broiler chickens fed diets supplemented with the SSL and Tween 20 blend linearly increased with increasing concentration of the blend. Furthermore, Ali et al. (2017) demonstrated that chicks fed on diet with low-energy content diet and 0.05% SSL had a greater daily weight gain and FCR compared with those fed diets without SSL, during week 1-3. The positive effects of SSL may be due to the improved synthesis and recirculation of bile salts, which would improve the fat digestion capacity of chicks. In addition, Upadhaya et al. (2016) indicated that there was no effect of 1, 3-DAG supplementation with lowenergy content diet on the BWG and FCR during week 3-5. Ali et al. (2017) showed that there was no effect of SSL supplementation with low-energy content diet on the FCR during week 3-6. In contrast, the results of this study showed positive effects of emulsifier blend supplementation on the BWG and FCR of starter, grower, as well as finisher broiler chickens. This lends supported to the hypothesis that emulsifier blends are more stable than individual emulsifiers, thus, making them a more suitable supplement for improving the growth performance of broiler chickens. Emulsifier blend compensation may cause an energy reduction without reducing the growth parameters, thus, reducing the feed cost.
Previous studies demonstrated that the drip loss is an important factor affecting meat quality traits, because some nutrients may be lost in the exudates by water loss, which is reflected in a loss of juiciness, tenderness, or flavor of the meat (Chen et al., 2012 ). In the current study, drip loss at 7 d post-slaughter tended to decrease in response to emulsifier blend supplementation in diet, although the underlying mechanisms for this are unknown. Emulsifiers can promote the intestinal absorption of fat, accelerate the circulation of lipids in the body, and promote the conversion of fat into body components (Zhang, 2010) . Moreover, the fat content can affect the drip loss of meat. Therefore, the decreased drip loss in current study, owing to the addition of emulsifier blend, may be related to an improvement in fat absorption. Further studies are needed to determine the mechanism of meat quality improvement in broiler chickens due to emulsifier blend supplementation.
Dietary supplementation with emulsifier blend had no significant effects on the ATTD of DM, N, and energy. The mechanism of action of emulsifier blend could not be clearly established. However, in agreement with our results, Soares and Lopez-Bote (2002) had reported that lecithin did not cause differences in the DM, crude protein, and crude fiber digestibility. Nevertheless, the results are rather inconsistent across studies. For instance, some studies have reported that dietary supplementation with emulsifiers has positive effects on ATTD in livestock (Dierick et al., 2004; San et al., 2016; Li et al., 2017) . In general, emulsifiers can promote the formation of emulsified droplets via reduction in the surface tension, stimulate the formation of micelles, increase the concentration of monoglycerides in the intestine, and promote nutrient transport through the membrane, for better absorption and utilization of energy (Yordan et al., 2013) . In addition, each type of exogenous emulsifiers may have a different effect on intestinal digestion (Jones et al., 1992) . The lack of improvement in the ATTD of DM, N, and energy in the present study may be associated with the type or concentration of the emulsifier blend used. In our study, the ATTD of fat in broiler chickens fed on emulsifier blend diets was found to be increased. This agrees with the results from our previous studies using different emulsifiers such as 1, 3 diacylglycerol, SSL and Tween 20 blend, and lysophospholipid; we also observed an improvement in fat digestibility when a basal diet was supplemented with emulsifiers in broilers and weaning pigs (Zhao et al., 2015; Upadhaya et al., 2016; Upadhaya et al., 2017) . It is likely that supplementation with emulsifiers leads to better emulsified oil-inwater lipids in the intestine, thus, enhancing the fat absorption in broiler chickens. The improved fat digestibility, in turn, may also explain the positive effect of emulsifier blend supplementation on growth performance, as observed in the current study.
Blood profile concentrations, such as total cholesterol, triglyceride, HDL, and LDL, can be used to assess the glucose and lipid N metabolism (Hosoda et al., 2006) . In the current study, cholesterol, triglyceride, HDL, and LDL were not affected by dietary emulsifier blend supplementation. In agreement with our results, Zhao et al. (2015) indicated that the addition of emulsifier had no effect on the total cholesterol, HDL, and triglyceride levels. Likewise, Yordan et al. (2013) reported that the LDL, HDL, cholesterol, and triglyceride concentrations in broiler chicks were not affected by exogenous emulsifier supplementation. Furthermore, Wang et al. (2016) did not indicate any difference in serum triglyceride, total cholesterol, HDL, and LDL concentrations of broiler chickens on d 35 of SSL supplementation in lowenergy content treatments. On the contrary, Cho et al. (2012) claimed that broiler chickens fed on a diet containing 0.05% emulsifier (SSL) had lower serum triglyceride levels compared with those fed with high-energy content diet without Journal of Poultry Science, 57 (1) emulsifier. In addition, Roy et al. (2010) reported that supplementation of an emulsifier led to a decrease in the LDL and total cholesterol concentrations in broiler chickens on d 20 but showed no differences on d 39. The inconsistency across the results of individual studies can be explained by differences in the type of emulsifier blend used, and the age of the broiler chickens. The mechanism by which emulsifier blend supplementation in broiler chicken diet influences lipid profile is still unclear. The use of emulsifier blend to modulate lipid metabolism in poultry needs to be investigated further.
Effect of Energy Content
In the present study, although the difference in energy content between the normal and low-energy content diet was only reduced 100 kcal/kg, feeding the broiler chickens with normal dietary energy content led to a higher finish BW and BWG, and lower FCR, than the low-energy content diet, during d 1-7, d 21-35, and overall period. In agreement with these results, Cho et al. (2012) reported that increased energy content improved the BWG of broiler chickens during d 0 to 21. Similarly, Suarez-Belloch et al. (2013) indicated that increasing the dietary energy content reduced the FCR in finishing pigs. Generally, low-energy content diet can lead to a depression of growth performance. However, Upadhaya et al. (2016) reported that decreasing the dietary energy content depresses the growth performance in broiler chickens, indicated as reduced FI. On the contrary, no effects on FI were observed between normal and low-energy content diet in any of the phases. We hypothesize that the inconsistent results are due to the ability of broiler chickens to adjust and maintain a constant voluntary energy intake over a wide range of dietary energy concentrations, except during the first week of age (Leeson et al., 1996) .
The current findings showed that the ATTD of energy and fat was reduced due to low-energy content diet. Similarly, Upadhaya et al. (2016) reported a reduction in the digestibility of energy and fat in broilers fed on energy-reduced diet. Lei et al. (2017) reported that high-energy diets (inclusion of 3% soya bean oil) improved the ATTD of gross energy in growing pigs. The energy provided by the diet is mainly used for maintenance and reproduction in animals. When broiler chickens were supplied with the reduced energy diet, the energy was first used for maintenance. Therefore, the reduced energy and fat digestibility may be due to the fact that lower energy intake led to a lower absorption of fats in the digestive tract of broiler chickens. The ATTD of DM and N were not significantly different compared with the basal diet in this study, in agreement with the results of Zhao and Kim (2017) , who reported that the ATTD of DM and N were not affected by energy. Conversely, previous studies showed that low-energy content diet decreased the DM digestibility in broilers (Cho and Kim, 2013) . This discrepancy in results could be due to different types of fat, and the strain and age of broilers (Ding et al., 2003) .
Furthermore, dietary energy content had no effect on the lipid profile, meat quality, and relative organ weight of broiler chickens. Similar results were observed by Zhao and Kim (2017) , who reported that on d 14, the concentrations of HDL, LDL, total cholesterol, and triglycerides were not affected by energy. The fat source type and levels could be a possible reason for the insignificant effect on lipid profiles. Additionally, Upadhaya et al. (2016) showed that low-energy content diets did not have any effect on meat quality compared with basic diet. Therefore, it could be concluded that low-energy content diet had no significant adverse effect on meat quality parameters relevant to consumer acceptability. The detailed functioning mechanism of energy on the lipid profile, meat quality, and relative organ weight was unclear, which needs to be investigated in future studies.
In conclusion, the results indicated an increase in BW and BWG, and a reduction in FCR and drip loss, at 7 d post slaughter in broiler chickens administered a dietary emulsifier blend. Low-energy content diet was found to reduce the BW, BWG, and ATTD of energy, and increase the FCR of broiler chickens. The provision of emulsifier blend was enough to overcome the reduction in growth performance due to low-energy content diet in broiler chickens. Further research is needed to determine the underlying mechanisms of action of emulsifier blend supplementation in broiler chicken diets.
